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EXCITATION CONTROL EQUIPMENT 
SECTION 16621 
SECTION 16621 
EXCITATION CONTROL EQUIPMENT 
PART 1 GENERAL 
1.01 SCOPE 
A. The Contractor shall furnish and install the excitation control system as specified herein and 
as shown on the contract drawings. 
1.02 RELATED SECTIONS 
1.083 REFERENCES 


A. Excitation control systems shall be designed, manufactured, assembled, and tested in 
accordance with the following standards: 


1. 
2. 


3. 


IEEE 421.1 — Definitions for Excitation Systems for Synchronous Machines 

IEEE 421.2 — Guide for the Identification, Testing and Evaluation of the Dynamic 
Performance of Excitation Control Systems 

IEEE 421.3 — High Potential Test Requirements for Excitation Systems for Synchronous 
Machines 

IEEE 421.5 —- IEEE Recommended Practice for Excitation System Models for Power 
System Stability Studies 

ANSI C57.12.00 — General Requirements for Liquid-lmmersed Distribution, Power, and 
Regulating Transformers 


ANSI C57.12.01 — General Requirements for Dry-Type Distribution and Power 
Transformers, Including Those With Solid Cast and/or Resin-Encapsulated Windings. 


1.04 SUBMITTALS — FOR REVIEW/APPROVAL 
A. The following information shall be submitted to the Engineer: 


Master drawing index 
Front view elevation 
Floor plan 

Top view 

Single line 
Connection diagram 
Schematic diagram 
Interwiring diagram 
Nameplate schedule 
Component list 


. Conduit entry/exit locations 
. Assembly ratings including: 


a. Voltage 
b. Continuous current 
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c. Basic impulse level 
13. Major component ratings including: 
a. Voltage 
b. Continuous current 
c. Interrupting ratings 
14. Cable terminal sizes 
15. Descriptive bulletins 
16. Product data sheets. 


Where applicable, the following additional information shall be submitted to the Engineer: 
1. Connection details between close-coupled assemblies 

2. Composite floor plan of close-coupled assemblies 

3. Key interlock schematic drawing and sequence of operation. 


1.05 SUBMITTALS —-FOR CONSTRUCTION 


A. 


B. 


The following information shall be submitted for record purposes: 

1. Final as-built drawings and information for items listed in paragraph 1.04 
2. Certified production test reports 

3. Installation information 

4. Seismic certification and equipment anchorage details. 


The final (as-built) drawings shall include the same drawings as the construction drawings 
and shall incorporate all changes made during the manufacturing process. 


1.06 QUALIFICATIONS 


A. 


B. 
C. 


The manufacturer of the assembly shall be the manufacturer of the major components within 
the assembly. 


For the equipment specified herein, the manufacturer shall be ISO 9001 or 9002 certified. 


The manufacturer of this equipment shall have produced similar electrical equipment for a 
minimum period of five (5) years. When requested by the Engineer, an acceptable list of 
installations with similar equipment shall be provided demonstrating compliance with this 
requirement. 


The equipment and major components shall be suitable for and certified to meet all 
applicable seismic requirements of Uniform Building Code (UBC) for Zone 4 application. 
Guidelines for the installation consistent with these requirements shall be provided by the 
manufacturer and be based upon testing of representative equipment. The test response 
spectrum shall be based upon a 5% minimum damping factor, UBC: a peak of 2.159’s (3.2— 
11 Hz), and a ZPA of 0.869’s applied at the base of the equipment. The tests shall fully 
envelop this response spectrum for all equipment natural frequencies up to at least 35 Hz. 


-- ©OR -- 


The equipment and major components shall be suitable for and certified to meet all 
applicable seismic requirements of the California Building Code (CBC) through Zone 4 


* Note to Spec. Writer — Select one 
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application. Guidelines for the installation consistent with these requirements shall be 
provided by the manufacturer and be based upon testing of representative equipment. The 
test response spectrum shall be based upon a 5% minimum damping factor, CBC: a peak of 
2.15g’s, and a ZPA of 0.86g’s applied at the base of the equipment. The tests shall fully 
envelop this response spectrum for all equipment natural frequencies up to at least 35 Hz. 


-- ©OR -- 


. The equipment and major components shall be suitable for and certified to meet all 


applicable seismic requirements of the BOCA National Building Code, paragraph 1612.6. 
This shall include both vertical and lateral required response spectra as specified. 
Alternatively, the manufacturer’s certification may be based on a detailed computer analysis 
of the entire assembly structure and its components. Guidelines for the installation 
consistent with these requirements shall be provided by the manufacturer and be based 
upon testing of representative equipment. The equipment manufacturer shall document the 
requirements necessary for proper seismic mounting of the equipment. The test response 
spectra shall meet or exceed the required response spectra peak acceleration of 1.69’s 
(3.2-11 Hz) and a ZPA of 1.0g as specified in the BOCA National Building Code, for all 
equipment natural frequencies up to at least 35 Hz. 


The following minimum mounting and installation guidelines shall be met, unless specifically 
modified by the above referenced standards. 


1. The Contractor shall provide equipment anchorage details, coordinated with the 
equipment mounting provision, prepared and stamped by a licensed civil engineer in the 
state. Mounting recommendations shall be provided by the manufacturer based upon 
approved shake table tests used to verify the seismic design of the equipment. 


2. The equipment manufacturer shall certify that the equipment can withstand, that is, 
function following the seismic event, including both vertical and lateral required response 
spectra as specified in above codes. 


3. The equipment manufacturer shall document the requirements necessary for proper 


seismic mounting of the equipment. Seismic qualification shall be considered achieved 
when the capability of the equipment, meets or exceeds the specified response spectra. 


REGULATORY REQUIREMENTS 


DELIVERY, STORAGE AND HANDLING 


A. 


Equipment shall be handled and stored in accordance with manufacturer’s instructions. One 
(1) copy of these instructions shall be included with the equipment at time of shipment. 


OPERATION AND MAINTENANCE MANUALS 


A. 


B. 


C. 


Equipment operation and maintenance manuals shall be provided. 


Provide a recommended “Startup” and “Running” spare parts list as part of the operation and 
maintenance manuals. 


Operation and maintenance manuals shall include the following information: 
1. Instruction books and/or leaflets 
2. Recommended renewal parts list 


* Note to Spec. Writer — Select one 
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SECTION 16621 
3. Drawings and information required by paragraph 1.05. 


PART 2 PRODUCTS 


2.01 MANUFACTURERS 
A. Cutler-Hammer 
B. * 
Co 
The listing of specific manufacturers above does not imply acceptance of their products that do 
not meet the specified ratings, features and functions. Manufacturers listed above are not 
relieved from meeting these specifications in their entirety. Products in compliance with the 


specification and manufactured by others not named will be considered only if pre-approved by 
the Engineer ten (10) days prior to bid date. 


2.02 RATINGS 


A. The kW output rating of the excitation unit shall be matched to the excitation requirements of 
the generator. Each excitation unit shall be capable of supplying rated generator field voltage 
and current at the output terminals connected to the generator field while the generator is 
under full load. The connected load of the exciter will consist of the generator field winding, 
slip ring brush connections, cables, and the inductances, capacitances, and heating and 
magnetic effects which are influenced by generator action. 


B. The excitation system shall be capable of withstanding any combination of the following 
external environmental conditions without mechanical or electrical damage or degradation of 
operating characteristics: 


1. Operating ambient temperature 0 degrees C to 50 degrees C. 
2. Non-operating and storage ambient temperature: 20 degrees C to 70 degrees C. 
C. The static excitation system shall be required to supply excitation to the generators and be 


coordinated based on the following characteristics to be supplied by the generator 
manufacturer: 


No Load (NL) and Full Load (FL) generator saturation curve 
Generator resistance at a specific temperature 

Operating temperature of generator field 

“Hydrogen pressure 

*Xp (Direct axis sync. of reactance) 

“Capability curve. 


oarwon > 


2.03 CONSTRUCTION 


A. Each excitation system shall be of the potential source rectifier type, and shall meet the 
requirements for a high initial response excitation system per IEEE Standard 421-1972. The 


“ Note to Spec. Writer — Insert data in blanks 
* Note to Spec. Writer — Optional 
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system shall include an excitation power transformer, power converter assembly, voltage 
regulating logic, limiting and protective devices, and functional controls as specified herein. 


Automatic Solid-State Regulator 


1. Under automatic control, mode signals to the power amplifier circuits shall be provided by 
the voltage regulator circuits. These circuits shall receive input signals from the generator 
CT and PTs. The circuits shall compare these feedback signals to the operator 
controlled reference signals to provide an error signal to the power amplifier circuits. The 
power amplifier output shall change in response to this error signal. The resulting change 
in the power amplifier output shall control the generator excitation level. 


2. Under automatic control mode, the principal operator input shall be through either a local 
potentiometer adjuster or a static voltage adjuster. The voltage adjuster shall provide a 
reference signal that is proportional to the desired stable voltage output at the generator 
terminals. 


3. The automatic regulator of the excitation system shall be of the continuously acting type 
with an accuracy of +/- 0.5% over the range from no load to 110% of full load excitation at 
rated voltage. Variations in generator terminal voltage shall not exceed +/- 1% with 
variations in frequency of +/- 1%. After temperatures of the elements within the voltage 
regulator have stabilized, slow changes in ambient temperatures over a 30 degree C 
range shall not cause a change in voltage of more than +/- 0.25%. 


4. All components within the automatic regulator control shall be modular in design, and 
easily accessible. All plug-in circuit boards shall be secured properly to prevent vibration. 


5. A reference voltage signal shall be compared to the feedback voltage signal (from the 
input intelligence PTs) by an error detector. The sensing circuit shall respond to average 
three-phase terminal voltage and shall be frequency insensitive. The resulting control 
signal output shall be proportional to the deviation between the desired terminal voltage, 
the reference voltage, as set by the operator, and the actual terminal voltage as sensed 
by the PTs. The gain shall be adjustable. 


a. Areactive current compensator shall automatically modify the feedback signals to the 
error detector in response to the flow of reactive current. This signal modification 
shall cause the error detector to respond to changes in reactive current. The result 
shall be an automatic excitation correction for both terminal voltage deviations and 
reactive power flow. The compensation shall be able to be set to either a rise or drop 
characteristic. Compensation shall be variable from 0 to at least 11 percent. 

b. Rapid response of the solid-state voltage regulation and power amplifier circuits shall 
be stabilized by an excitation system stabilizer. The stabilizer circuit shall respond to 
a signal related to excitation. The stabilizer shall provide a negative feedback signal to 
the error detector which shall be proportional to the rate of change of the input signal 
to the power amplifier from the error detector. This input signal shall represent 
generator field voltage. An alternate acceptable form of stabilization may be obtained 
by means of “transient gain reduction.” 


6. Regulator balance meter and regulator control switch shall be provided. The operator 
shall be able to monitor the indication of the regulator balance meter to provide a smooth 
transition between manual and automatic control. When the meter is nulled, both the 
manual and automatic control signals to the thyristor firing circuits shall be equivalent, or 
balanced. The operator shall then be able to change the position of the regulator control 
switch to change between manual and automatic modes of control. 


7. An automatic follower circuit shall be provided. The excitation system shall include a 
circuit which will hold the balance meter near zero. When in the manual control mode, 


16621-5 12/02 


Alpha PSG Index [Numeric PSG Index Microsoft Word 


= 
8. 

9. 

10. 


EXCITATION CONTROL EQUIPMENT 
SECTION 16621 


this circuit shall provide inputs to the automatic mode electronic adjuster to change the 
reference to the error detector. When in automatic control, this circuit shall provide inputs 
to the manual mode potentiometer or electronic adjuster, if specified, to change the 
manual control circuit input to the power amplifier. 


Manual voltage adjuster (base control) shall be provided. The manual control of the 
excitation system shall be a static-type and shall continue to operate in the event that the 
automatic regulator is not operable. The manual control shall provide an approximately 
fixed firing angle to the power amplifier. A stabilization circuit in the power amplifier shall 
decrease firing angle in a direction to increase output when the excitation supply voltage 
dips. The manual control shall have the capability to adjust the output in the range of 25% 
to 110% normal. The static manual regulator adjuster shall be identical to and operate in 
the same manner as the automatic regulator adjuster. 


Base adjuster control switch (manual) shall be provided. The level of exciter power shall 
be manually controllable by an operator by entering raise or lower signals to the base 
adjuster. Operator manual control setpoints shall be made with the base adjuster control 
switch. 


The following protective and limiting devices shall be provided. Relays or appropriate 
electronic relay drivers shall be provided to indicate when any of the limiters are picked 
up or have begun to limit the excitation output. 

a. A minimum excitation limiter shall sense underexcitation conditions (which could 
result in loss of generator synchronism with the power system) from signals provided 
by the main bus current and potential transformers. The limiter shall respond to a 
circular kVA characteristic similar to the static stability limit of the generator. The 
limiter logic shall automatically generate an excitation control signal to maintain the 
level of excitation to prevent continuous operation outside the circular kVA 
characteristics of the minimum excitation limiter. 

b. A maximum excitation limiter shall sense overexcitation conditions. The limiter logic 
shall automatically generate an excitation control signal to reduce the level of 
excitation. The limiter shall incorporate a time delay with inverse characteristics that 
permits field forcing within the limits of the generator field overload capabilities. 

c. The instantaneous limiter shall sense overexcitation conditions, and shall 
automatically generate an excitation control signal without time delay, to prevent the 
excitation from exceeding a preset value. 

d. A volts/hertz limiter shall sense excessive core flux conditions from generator 
terminal voltage and frequency. The flux condition shall be sensed as the ratio of 
generator terminal voltage to frequency. The limiter logic shall automatically generate 
an excitation control signal after a time delay based on a permissible level of volts per 
hertz. This time delay shall have an inverse characteristic which will permit 
overvoltage for a period of time to enable the generator to provide forcing to support 
the power system. The signal shall prevent overexcitation during sustained 
overvoltage or underfrequency conditions. 

e. The following protective devices shall back up and supplement the logic circuits with 
alarm and trip functions: 

1. A loss of field protection circuit shall sense underexcitation conditions. An 
adjustable fixed time delay, after the operating curve is reached, shall allow the 
minimum excitation limiter time to operate and help to prevent nuisance trips due 
to transient conditions. The loss of field protection shall operate in both the 
manual and automatic modes. 
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2. For backup thermal protection, maximum excitation limiter logic shall be 
supplemented by overexcitation protection equipment. This equipment shall 
protect the generator field from excessive thermal stress during periods of high 
excitation under both automatic and manual modes of operation. The equipment 
shall have an inverse time characteristic that can be set to coordinate with the 
maximum excitation limiter. The device shall alarm the operator and provide a trip 
signal. 

3. The volts/hertz limiter shall be supplemented by a volts/hertz protection circuit. 
This device shall be operational in both the manual and automatic modes. The 
circuit shall have an inverse time characteristic and shall be capable of being set 
to coordinate with the volts/hertz limiter. 


C. Solid-State Rectifier Assemblies and Components 


1. 


The control signal from the automatic voltage regulator circuit shall be sensed by a 
thyristor firing circuit. This circuit shall respond to the control signal by generating DC 
pulses which are varied by the timing of the control signals relative to the phase angle of 
the AC power supply voltage to the rectifier. 


The firing circuit pulse shall provide the “switching” control for the thyristor bridge circuit. 
The pulse shall initiate the thyristor’s conducting exciter power for a variable portion of 
each AC cycle. This rapid switching action at varying “firing angles” shall control the 
amount of excitation current to the generator field. 


The thyristors shall be fused and connected in a three-phase, full-wave, or half-wave 
converter bridge configuration. In a full-wave configuration the bridge shall be capable of 
providing a negative transient to de-excite the generator field. 


Thyristors shall be replaceable with the same type without requiring matching of the 
forward voltage drop characteristics. 


The excitation system, at a minimum, shall be capable of supplying 110% of the 
excitation required by the generator when operating the generator continuously at rated 
generator load current. 


Power bridge assemblies shall be supplied with suitable transient overvoltage protection 
and necessary protective fuses. Thyristors and diodes of the rectifier assemblies shall 
have a minimum rating of 300 percent of the rectifier nameplate RMS voltage rating. The 
excitation system shall be capable of supplying 150% of rated field voltage for a minimum 
of 60 seconds without damaging the excitation system components. Power bridge 
assemblies shall contain thermal sensors with a dry relay contact output to indicate the 
occurrence of an over-temperature condition. 


D. Power Transformer 


if 


A power transformer of the appropriate physical size and electrical characteristics shall 
be supplied. Provide lugs or connectors for termination of purchaser’s feed cables to the 
potential transformer of the excitation system. Provide a minimum of two connection 
bolts per connection. 


Provide a power transformer of sufficient size and rating to serve the requirements of the 
excitation system. The transformer shall conform to applicable requirements of ANSI 


C57.12.00-1973. The high-voltage winding shall be * volts at * kV BIL. The 
transformer shall have class * insulation, and a “* degree rise over 40 
degrees C. 


“. Note to Spec. Writer — Insert data in blanks 
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2.04 ACCESSORIES 


2.05 


2.06 


2.07 


A. 


B. 


O. 


D. 


Suitable test switches shall be furnished in the control cubicle to permit isolation of the 
voltage regulator from the generator potential transformer. 


Separate shorting switches shall be provided to permit isolation of the generator load current 
transformer (CT). 


A separate 120V AC lighting and receptacle circuit shall be provided to insure sufficient light 
for maintenance. 


Provide two (2) duplex receptacles for testing and equipment maintenance. 


OPERATOR CONTROL INTERFACES 


A. 


Provide the following operator control interfaces for each excitation system for remote 
mounting on the owner’s control panel: 


1. “41-Device” Control Switch with lights 

2. DC Regulator (manual) Adjuster Control Switch and Position Indicating Meter 
3. AC Regulator (automatic) Adjuster Control Switch and Position Indicating Meter 
4 


. Regulator Control Switch to allow operator to switch control of system between manual 
and automatic mode, and indicate whether the regulator is in the automatic or manual 
mode 


5. Regulator Balance Meter to provide an indication of regulator control output boost or 
buck. The meter shall show null indication prior to transfer between automatic and 
manual mode. 


WIRING/TERMINATIONS 


A. 


B. 
C. 


Standard control wire shall be 14 gauge, stranded, tin-plated, dual-rated tyoe XLPE (3173) 
125 degree C, type SIS 90 degree C, ANSI approved. 


Provide “plug-in” terminal blocks, rated 600V, 50A. 
Wire markers shall be a molded plastic “sleeve” type. 


“Clamping collar” type terminals shall be used to terminate control wiring. Current 
transformer circuits shall be provided with ring-type terminals where applicable. 


Suitable bus bar terminal points shall be provided to accommodate the AC and DC power 
connections into and out of the control cubicle. 


ENCLOSURE 


A. 


All equipment associated with the excitation system including the input power transformer 
and remote devices, shall be packaged in a NEMA 1 indoor enclosure. All incoming and 
outgoing terminations shall be accessible from either top or bottom of the cubicle. 


The excitation system equipment shall be furnished in NEMA 1 enclosures. All cabinets 
comprising the excitation system shall be designed to form a match-and-line-up 
configuration. No field connections other than those necessary for the AC and DC services 
shall be necessary. Removable lifting angles shall be provided for lifting the enclosure with a 
crane. 


The cabinet shall be prime-grade sheet steel, flat and free from pitting. Panels and cabinet 
walls shall not be less than 13 gauge with suitable bracing where required for stiffness or 
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strength. The cabinets shall have a continuous surface from the floor line to the top of the 
cabinet. 


Design, material selection and workmanship shall result in a neat appearance inside and 
outside with no welds or rivets apparent from outside the cabinet. All exterior surfaces shall 
be true and smooth. 


FINISH 


A. 


PART 3 


3.01 


3.02 


All carbon steel cabinet parts shall be cleaned free of all oil, grease, dirt, and other foreign 
substances before painting. The outside of the cabinet shall be finish painted industrial gray 
ANSI 61. Dry finish paint thickness shall be two (2) mils or greater. 


EXECUTION 


FACTORY TESTING 


A. 


The following standard factory tests shall be performed on the equipment provided under this 
section. All tests shall be in accordance with the latest version of ANSI and NEMA standards. 


1. Dielectric Test (Hi Pot) per NEMA ICS 2-324.60 at 2000 volts plus 2.25 times nominal 
voltage, for 60 seconds, phase-to-phase and phase-to-ground 


2. Sequence of control circuits 
3. Style/part number check of components 
4. Wiring check. 


A certified test report of all standard production tests shall be available to the Engineer upon 
request. 


“Factory tests as outlined above shall be witnessed by the owner’s representative. 


1. The manufacturer shall notify the owner two (2) weeks prior to the date the tests are to 
be performed. 


2. The manufacturer shall include the cost of transportation and lodging for up to three (3) 
owner's representatives. The cost of meals and incidental expenses shall be the owner’s 
responsibility. 


FIELD QUALITY CONTROL 


A. 


Provide the services of a qualified factory-trained manufacturer’s representative to assist the 
Contractor in installation and startup of the equipment specified under this section for a 
period of * working days. The manufacturer’s representative shall provide technical 
direction and assistance to the Contractor in general assembly of the equipment, 
connections and adjustments, and testing of the assembly and components contained 
therein. 


The following minimum work shall be performed by the Contractor under the technical 
direction of the manufacturer’s service representative: 


1. Meggar bus 
2. Ground test 


* Note to Spec. Writer — Optional 
“s Note to Spec. Writer — Insert data in blanks 
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3. Verify that all mechanical interlocks are functioning properly. 
C. The Contractor shall provide three (3) copies of the manufacturer’s field startup report. 


3.03 MANUFACTURER'S CERTIFICATION 


A. A qualified factory-trained manufacturer’s authorized service representative shall certify in 
writing that the equipment has been installed, adjusted and tested in accordance with the 
manufacturer’s recommendations. 


B. The Contractor shall provide three (3) copies of the manufacturer’s representative’s 
certification. 
3.04 TRAINING 
A. The Contractor shall provide a training session for five (5) owner representatives for 
= normal workdays at a jobsite location determined by the owner. 
3.05 INSTALLATION 


A. The Contractors shall install all equipment per the manufacturer’s recommendations and the 
contract drawings. 


B. Check all bolted connections to assure that they are in accordance with the manufacturer’s 
recommended torque requirements. 
3.06 FIELD ADJUSTMENTS 


A. Perform regulator settings and adjustments in accordance with the recommendations 
documented in the factory test procedure, designated field settings document or as directed 
by the Engineer. 
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